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(57) ABSTRACT

A mixer has a first transistor and a second transistor which
constitute a balanced oscillation circuit with their respective
emitters connected with each other; a third transistor whose
emitter 1s connected with the emaitter of the first transistor;
and a fourth transistor whose emitter 1s connected with the
emitter of the second transistor. A first signal 1s inputted
between a base of the third transistor and a base of the fourth
tfransistor 1n a balanced way; and the third transistor and the
fourth transistor mix an oscillation signal with the first signal
and a second signal 1s outputted from the third transistor and
the fourth transistor in a balanced way.

6 Claims, 2 Drawing Sheets
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MIXER WHICH ASSURES SATISFACTORY

PERFORMANCE EVEN AT LOW SUPPLY
VYOLTAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a mixer which 1s used in
a frequency converter, a modulator or the like.

2. Description of the Related Art

The conventional mixer as shown 1n FIG. 3 1s called the
Gilbert mixer and widely used 1n frequency converters and
the like. As 1llustrated 1n FIG. 3, a first differential amplifier
circuit 21 and a second differential amplifier circuit 22 are
connected 1n a balanced way by a third differential amplifier
circuit 23. Specifically, the emitters of a pair of transistors
21a and 215 which constitute the first differential amplifier
circuit 21 are connected with each other and also connected
with the collector of one transistor 23a 1n a pair of transistors
which constitute the third differential amplifier circuit 23;
and the emitters of a pair of transistors 22a and 22b which
constitute the second differential amplifier circuit 22 are
connected with each other and also connected with the
collector of the other transistor 23b in the pair of transistors
which constitute the third differential ampliﬁer circuit 23.
The emitters of the transistors 23a and 23bH in the third
differential amplifier circuit 23 are connected with each

other and also connected with a constant current source 24.

™

The collector of the one transistor 21a in the first differ-
ential amplifier circuit 21 and the collector of the one
transistor 22a 1n the second differential amplifier circuit 22
are connected with one balanced output terminal 25 and
supply voltage B 1s fed to them through a common load
resistor 26. Also, the collector of the other transistor 215 1n
the first differential amplifier circuit 21 and the collector of
the other transistor 22b in the second differential amplifier
circuit 22 are connected with the other balanced output
terminal 28 and supply voltage B 1s fed to them through a
common load resistor 29.

The base of the one transistor 21a 1n the first differential
amplifier circuit 21 and the base of the other transistor 225
in the second differential amplifier circuit 22 are connected
with each other and also with one balanced imput terminal
30. The base of the other transistor 215 1n the first differ-
ential amplifier circuit 21 and the base of the one transistor
22a 1n the second differential amplifier circuit 22 are con-
nected with each other and also with the other balanced input
terminal 31.

Also, the bases of the transistors 23¢ and 23b 1n the third
differential amplifier circuit 23 are respectively connected
with the first balanced 1nput terminals 32 and 33.

In the above conflguration, a first signal, for example a
high frequency signal, 1s inputted between the first balanced
input terminals 32 and 33 m a balanced way; and a second
signal, for example a local oscillation signal, 1s 1putted
between the second balanced imput terminals 30 and 31.
Consequently, an intermediate frequency signal as a result of
frequency conversion 1s outputted between the balanced
output terminals 25 and 28. A tuning circuit (not shown) is
connected between the balanced output terminals 25 and 28.

The local oscillation signal as the first signal 1s supplied,
for example, from a balanced type oscillation circuit as
illustrated 1n FIG. 4. In this circuit, a pair of oscillation
transistors 41 and 42 share one resonant circuit 43 which 1s

connected between their respective collectors and bases, and
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a local oscillation signal 1s outputted between the collectors
in a balanced way.

In the above conventional mixer, supply voltage 1s serially
fed to the first and second differential amplifier circuits 21
and 22 and the third differential amplifier circuit 23 and
therefore the voltage applied to each differential amplifier
circuit 1s about one half the supply voltage. Accordingly, this

voltage drop may cause mixer performance deterioration.

Most mixers use integrated circuits (IC). The latest type
integrated circuits are designed to operate at low voltage, so
the 1influence of supply voltage on the mixer performance 1s
considerable.

Furthermore, the conventional mixer requires peripheral
circuits such as oscillation circuits and resonant circuits,
which makes the overall structure of the mixer complicated.

SUMMARY OF THE INVENTION

The present invention has been made 1n view of the above
circumstances and provides a mixer which assures satisfac-
tory performance even at low supply voltage and has a
simple overall structure including peripheral circuits.

In order to solve the above problem, according to one
aspect of the present invention, the mixer comprises: first
and second transistors which constitute a balanced oscilla-
fion circuit with their respective emitters connected with
cach other; a third transistor whose emitter 1s connected with
the emitter of the first transistor; and a fourth transistor
whose emitter 1s connected with the emitter of the second
transistor, wherein a first signal 1s inputted between a base
of the third transistor and a base of the fourth transistor in a
balanced way; and the third transistor and the fourth tran-
sistor mix an oscillation signal with the first signal and a
second signal 1s outputted from the third transistor and the
fourth transistor in a balanced way.

According to another aspect of the mvention, the mixer
has a first parallel resonant circuit which determines an
oscillation frequency and a second parallel resonant circuit
which resonates with the second signal; the first parallel
resonant circuit 1s connected between a collector and the
base of each of the first and second transistors; and the
second parallel resonant circuit 1s connected between a
collector of the third transistor and a collector of the fourth
transistor.

According to another aspect of the invention, the first
parallel resonant circuit 1s made up of a first capacitor, and
first and second mductors which are serially connected with
cach other and connected 1n parallel with the first capacitor;
and a point of connection between the first capacitor and the
first mductor 1s connected with the collector of the first
fransistor; a point of connection between the first capacitor
and the second inductor 1s connected with the collector of
the second transistor. Also, the second parallel resonant
circuit 1s made up of a second capacitor, and third and fourth
inductors which are serially connected with each other and
connected 1n parallel with the second capacitor; a point of
connection between the second capacitor and the third
inductor 1s connected with the collector of the third transis-
tor; a point of connection between the second capacitor and
the fourth inductor 1s connected with the collector of the
fourth transistor. Here, supply voltage 1s fed to a point of
connection between the first inductor and the second induc-
tor and a point of connection between the third inductor and
the fourth inductor.

According to another aspect of the mvention, the mixer
includes a composite resonant circuit which has parallel
resonance frequencies in the respective vicinities of an
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oscillation frequency and the second signal, wherein the
collector of the first transistor and the collector of the third
transistor are connected with each other and the collector of
the second transistor and the collector of the fourth transistor
arec connected with each other. The composite resonant
circuit 1s connected between the collectors of the first and
third transistors and the base of the second transistor as well
as between the collectors of the second and fourth transistors
and the base of the first transistor.

According to another aspect of the invention, the com-
posite resonant circuit includes a first capacitor; a serial
circuit which has a second capacitor, and first and second
inductors and 1s connected in parallel with the first capacitor
with the second capacitor located between the first and
second 1nductors; and third and fourth inductors which are
serially connected with each other and connected in parallel
with the second capacitor. The first and second capacitors
and the first and second inductors generate parallel reso-
nance 1n the vicinity of the oscillation frequency and the
second capacitor and the third and fourth inductors generate
parallel resonance in the vicinity of the second signal
frequency. The point of connection between the first capaci-
tor and the first inductor 1s connected with the collectors of
the first and third transistors and the point of connection
between the first capacitor and the second inductor 1s
connected with the collectors of the second and fourth
transistors. Here, supply voltage 1s fed to the point of
connection between the third and fourth inductors.

According to another aspect of the invention, the second
signal 1s outputted from both ends of the second capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be more particularly described with
reference to the accompanying drawings, in which:

FIG. 1 1s a circuit diagram showing a mixer according to
a first embodiment of the present invention;

FIG. 2 1s a circuit diagram showing a mixer according to
a second embodiment of the present invention;

FIG. 3 1s a circuit diagram showing a conventional mixer;
and

FIG. 4 1s a circuit diagram showing an oscillation circuit
used 1n the conventional mixer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Next, a mixer according to the present invention will be
described referring to the accompanying drawings. In the
circuit as shown 1n FIG. 1 according to the first embodiment,
the emitter of a first transistor 1 and the emitter of a second
transistor 2 are connected with each other and also both
connected with a constant current source 3 or the like. A first
parallel resonant circuit 4 1s connected between the collector
and base of each of the transistors 1 and 2. Hence, the two
transistors 1, 2 and the first parallel resonant circuit 4 make
up a balanced oscillation circuit. The first parallel resonant
circuit 4 mncludes a first capacitor 4a and a first inductor 4b
and a second inductor 4¢ which are serially connected with
cach other and in parallel with the first capacitor 4a. The
oscillation frequency depends on this resonance frequency.

The inductance of the first inductor 4b 1s almost equal to
that of the second inductor 4c¢. The point of connection
between the first capacitor 4a and the first inductor 4b 1s
connected with the collector of the first transistor 1 and the
point of connection between the first capacitor 4a and the
second 1nductor 4¢ 1s connected with the collector of the
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second transistor 2. Hence, supply voltage B applied to the
point of connection between the two inductors 4b and 4c¢ 1s
fed to the collectors of the transistors 1 and 2. The bases of
the transistors 1 and 2 are connected with the first parallel
resonant circuit 4 through coupling capacitors 5 and 6.

The ematter of the first transistor 1 1s connected with the
emitter of the third transistor 7 and the ematter of the second
transistor 2 1s connected with the emitter of the fourth
transistor 8. The base of the third transistor 7 1s connected
with one balanced input terminal 9 and the base of the fourth
transistor 8 1s connected with the other balanced input
terminal 10. A second parallel resonant circuit 11 1s con-
nected between the collector of the third transistor 7 and that
of the fourth transistor 8. The collector of the third transistor
7 1s connected with one balanced output terminal 12 and the
collector of the fourth transistor 8 1s connected with the other
balanced output terminal 13.

The second parallel resonant circuit 11 includes a second
capacitor 11a and a third inductor 115 and a fourth inductor
11¢ which are serially connected with each other and 1n
parallel with the second capacitor 11a. The inductance of the
third inductor 115 1s equal to that of the fourth inductor 1lc.
The point of connection between the second capacitor 11a
and the third inductor 115 1s connected with the collector of
the third transistor 7 and the point of connection between the
second capacitor 11a and the fourth mmductor 1lc¢ 1s con-
nected with the collector of the fourth transistor 8. Hence,
supply voltage B applied to the point of connection between
the two 1nductors 115 and 11c 1s fed to the collectors of the
transistors 7 and 8.

In the above configuration, for instance, a high frequency
signal to be frequency converted 1s mputted between the
balanced input terminals 9 and 10. As a result, the third
transistor 7 and the fourth transistor 8 operate ditferentially.
The first transistor 1 and the second transistor 2, which
constitute a balanced oscillation circuit, also operate ditfer-
entially. The emitter of the third transistor 7 and the emitter
of the fourth transistor 8 are excited 1n reverse phases by an
oscillation signal. Hence, in the third transistor 7 and the
fourth transistor 8, the oscillation signal and the first signal
are mixed and, for example, a second signal whose fre-
quency 1s the difference between the frequencies of the
oscillation and first signals, namely an intermediate fre-
quency signal, 1s generated. When the resonance frequency
of the second parallel resonant circuit 11 1s set to the value
of the difference, an intermediate frequency signal as the
second signal 1s efficiently outputted from the balanced
output terminals 12 and 13 1 a balanced way.

In the above configuration, supply voltage B 1s fed 1n
parallel to the two transistors 1 and 2, which constitute a
balanced oscillation circuit, and the two transistors 7 and 8,
which mix signals; thus the mixer operates satisfactorily
even at low voltage.

In the circuit as shown 1n FIG. 2 according to the second
embodiment of the present invention, the emitter of a first
transistor 1 and the emitter of a second transistor 2 are
connected with each other and also both connected with a
constant current source 3 or the like. A composite resonant
circuit 14 which has two parallel resonance frequencies 1s
connected between the collector and base of each of the
transistors 1 and 2.

The emitter and collector of the first transistor 1 are
connected with the emitter and collector of the third tran-

sistor 7 respectively and the emitter and collector of the
second transistor 2 are connected with the emitter and

collector of the fourth transistor 8 respectively. The base of
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the third transistor 7 1s connected with one balanced 1nput
terminal 9 and the base of the fourth transistor 8 1s connected

with the other balanced mput terminal 10.

As 1llustrated 1in FIG. 2, the composite resonant circuit 14
includes a first capacitor 14a; a serial circuit which has a
second capacitor 14b, a first inductor 14c¢ and a second
inductor 14d and 1s connected 1n parallel with the first
capacitor 14a with the second capacitor 14b located between
the first and second inductors 14¢ and 14d; and a third
inductor 14¢ and a fourth inductor 14/ which are serially
connected with each other and connected 1n parallel with the
second capacitor 14b.

The point of connection between the first capacitor 144
and the first inductor 14¢ 1s connected with the collector of
the first transistor 1 and also with the base of the second
transistor 2 through a coupling capacitor 6. Also, the point
of connection between the first capacitor 14a and the second
inductor 14d 1s connected with the collector of the second
transistor 2 and also with the base of the first transistor 1
through a coupling capacitor 5. Supply voltage B applied to
the point of connection between the third and fourth induc-
tors 14¢ and 14 1s fed to the collectors of the first to fourth
transistors 1,2, 7 and 8. One end of the second capacitor 145
1s connected with one balanced output terminal 12 and its
other end 1s connected with the other balanced output
terminal 13.

In the above composite resonant circuit 14, the first
inductor 14¢ and the second inductor 14d are almost equal
in 1mnductance; and the third inductor 14e and the fourth
inductor 14f are almost equal 1n inductance. The inductance
of the third and fourth inductors 14¢ and 14f 1s larger than
that of the first and second inductors 14¢ and 14d. The
capacitance of the second capacitor 14b 1s larger than that of
the first capacitor 14a. Hence, the composite resonant circuit
14 has the following two parallel resonance frequency
circuits; a third parallel resonant circuit whose parallel
resonance frequency 1s virtually determined by the first and
second capacitors 14a and 14b, and the first and second
inductors 14¢ and 14d; and a fourth parallel resonant circuit
whose parallel resonance frequency 1s virtually determined

by the second capacitor 14b and the third and fourth induc-
tors 14¢ and 14/.

Accordingly, the third parallel resonant circuit and the
first and second transistors 1 and 2 make up a balanced
oscillation circuit where oscillation occurs at a frequency 1n
the vicimity of 1ts parallel resonance frequency. The third
transistor 7 1s excited by the oscillation signal through the
first transistor 1 whose emitter 1s connected with the emitter
of the third transistor 7; and also the fourth transistor 8 1s
excited by the oscillation signal through the second transis-
tor 2 whose emitter 1s connected with the emitter of the
fourth transistor 8.

A first signal, for example, a high frequency signal to be
frequency converted, 1s mnputted between the balanced 1nput
terminals 9 and 10. As a result, the third transistor 7 and the
fourth transistor 8 operate differentially. Also, the first tran-
sistor 1 and the second transistor 2, which constitute a
balanced oscillation circuit, operate differentially. The emit-
ter of the third transistor 7 and the emitter of the fourth
fransistor 8 are excited in reverse phases by an oscillation
signal. Hence, 1n the third transistor 7 and the fourth
transistor 8, the oscillation signal and the first signal are
mixed and, for example, a second signal whose frequency 1s
the difference between the frequencies of the oscillation and
first signals, namely an intermediate frequency signal, is
ogenerated. Hence, the oscillation signal and the second
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signal appear at the collectors of the first and third transistors
1 and 7 and the collectors of the second and fourth transis-
tors 2 and 8. When the resonance frequency of the fourth
parallel resonant circuit 1s set to the value of the above
difference, an intermediate frequency signal as the second
signal 1s efficiently outputted from the balanced output
terminals 12 and 13 1n a balanced way, with the oscillation
signal suppressed.

In the above configuration, supply voltage B 1s fed 1n
parallel to the two transistors 1 and 2, which constitute a
balanced oscillation circuit, and the two transistors 7 and 8,
which mix signals and thus the mixer operates satistactorily
even at low voltage.

As explained so far, the present invention provides a
mixer comprising: a first and a second transistor which
constitute a balanced oscillation circuit with their respective
emitters connected with each other; a third transistor whose
emitter 1s connected with the emaitter of the first transistor;
and a fourth transistor whose emitter 1s connected with the
emitter of the second transistor, wherein a first signal 1is
inputted between the base of the third transistor and the base
of the fourth transistor in a balanced way; and the third
transistor and the fourth transistor mix an oscillation signal
with the first signal and a second signal 1s outputted from the
third transistor and the fourth transistor in a balanced way.
Theretore, supply voltage can be fed in parallel to the first
and second transistors for oscillation and the third and fourth
transistors for mixing, which means that the mixer can
operate even at low voltage without deterioration in the
performance of the ftransistors. Also, since the required
number of transistors 1s decreased, the structure of the mixer
can be simplified.

In addition, the mixer has a first parallel resonant circuit
which determines the oscillation frequency and a second
parallel resonant circuit which resonates with the second
signal; and the first parallel resonant circuit 1s connected
between the collector and base of each of the first and second
transistors and the second parallel resonant circuit 1s con-
nected between the collector of the third transistor and the
collector of the fourth transistor. Therefore, the parallel
resonant circuit for oscillation and the one for the second
signal are separated and the configurations of the resonant
circuits can be simplified. In addition, only the second signal
1s outputted from the third and fourth transistors.

Furthermore, 1n the first parallel resonant circuit, the point
of connection between the first capacitor and the {first
inductor 1s connected with the collector of the first transistor
and the point of connection between the first capacitor and
the second inductor 1s connected with the collector of the
second transistor. In the second parallel resonant circuit, the
point of connection between the second capacitor and the
third 1nductor 1s connected with the collector of the third
transistor and the point of connection between the second
capacitor and the fourth inductor 1s connected with the
collector of the fourth transistor. Here, supply voltage 1s fed
to the point of connection between the first inductor and the
second inductor and the point of connection between the
third inductor and the fourth inductor. Therefore, supply
voltage 1s fed 1n parallel to the collectors of the first to fourth
transistors.

Also, the collector of the first transistor and the collector
of the third transistor are connected with each other and the
collector of the second transistor and the collector of the
fourth transistor are connected with each other; and the
composite resonant circuit 1s connected between the collec-
tors of the first and third transistors and the base of the
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second transistor and also between the collectors of the
second and fourth transistors and the base of the first
transistor. Therefore, with the composite resonant circuit,
the oscillation frequency 1s determined and tuning with the
second signal can be done.

In the composite resonant circuit, the first and second
capacitors and the first and second i1nductors generate par-
allel resonance 1n the vicinity of the oscillation frequency,
and the second capacitor and the third and fourth inductors
generate parallel resonance in the vicinity of the second
signal frequency; the point of connection between the first
capacitor and the first inductor 1s connected with the col-
lectors of the first and third transistors and the point of
connection between the first capacitor and the second induc-
tor 1s connected with the collectors of the second and fourth
transistors; and supply voltage 1s fed to the point of con-
nection between the third and fourth inductors. Therefore,
supply voltage 1s fed i1n parallel to the first to fourth
transistors.

Also, the second signal 1s outputted from both ends of the
second capacitor, so the oscillation signal which 1s contained

in the second signal i1s suppressed.
What 1s claimed 1s:

1. A mixer comprising:

first and second transistors which constitute a balanced
oscillation circuit with their respective emitters con-
nected with each other;

a third transistor whose emitter 1s connected with the
emitter of the first transistor; and

a fourth transistor whose emitter 1s connected with the
emitter of the second transistor wherein

a first signal 1s inputted between a base of the third
transistor and a base of the fourth transistor in a
balanced way;

wherein the third transistor and the fourth transistor mix
an oscillation signal with the first signal; and

wherein a second signal 1s outputted from the third
transistor and the fourth transistor 1n a balanced way.
2. The mixer according to claim 1, wherein

there are a first parallel resonant circuit which determines
an oscillation frequency and a second parallel resonant
circuit which resonates with the second signal;

wherein the first parallel resonant circuit 1s connected
between a collector and a base of each of the first and
second transistors; and

wherein the second parallel resonant circuit 1s connected
between a collector of the third transistor and a collec-
tor of the fourth transistor.

3. The mixer according to claim 2, wherein

the first parallel resonant circuit comprises a first
capacitor, and first and second inductors which are
serially connected with each other and connected 1n
parallel with the first capacitor;

wherein a point of connection between the first capacitor
and the first inductor 1s connected with the collector of
the first transistor;

wherein a point of connection between the first capacitor
and the second 1inductor 1s connected with the collector
of the second transistor;
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wherein the second parallel resonant circuit comprises a
second capacitor, and third and fourth inductors which

are serially connected with each other and connected 1n
parallel with the second capacitor;

wherein a point of connection between the second capaci-
tor and the third inductor 1s connected with the collec-
tor of the third transistor;

wherein a point of connection between the second capaci-
tor and the fourth inductor 1s connected with the
collector of the fourth transistor; and

wherein supply voltage 1s fed to a point of connection
between the first inductor and the second 1inductor and
a point of connection between the third inductor and the
fourth inductor.

4. The mixer according to claim 1, wherein

there 1s a composite resonant circuit which has parallel
resonance frequencies in the respective vicinities of an
oscillation frequency and the second signal;

wherein a collector of the first transistor and a collector of
the third transistor are connected with each other;

wherein a collector of the second transistor and a collector

of the fourth transistor are connected with each other;
and

wherein the composite resonant circuit 1s connected
between the collectors of the first and third transistors
and a base of the second transistor as well as between
the collectors of the second and fourth transistors and
a base of the first transistor.
5. The mixer according to claim 4, wherein the composite
resonant circuit COmprises:

a first capacitor;

a serial circuit which contains a second capacitor and first
and second mductors and 1s connected 1n parallel with
the first capacitor with the second capacitor located
between the first and second inductors; and

third and fourth inductors which are serially connected
with each other and connected 1n parallel with the
second capacitor;

wherein the first and second capacitors and the first and
second inductors generate parallel resonance in the
vicinity of the oscillation frequency;

wherein the second capacitor and the third and fourth
inductors generate parallel resonance 1n the vicinity of
the second signal frequency;

wherein a point of connection between the first capacitor
and the first inductor 1s connected with the collectors of

the first and third transistors;

wherein the point of connection between the first capaci-
tor and the second inductor 1s connected with the
collectors of the second and fourth transistors; and

wheremn supply voltage 1s fed to a point of connection
between the third and fourth inductors.

6. The mixer according to claim 5, wherein the second

signal 1s outputted from both ends of the second capacitor.
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